The relative high humidity affects the normal running condition of converter station in Shantou. This paper is to identify the factors which result in the high humidity inside station. Based on the SCADA data and the hand copy data provided by China Southern Power Grid, VAR model and VEC model of Multivariate Time Series Analysis method are used to analyze the relationship among humidity inside station, temperature out of station, temperature inside station, DC load and other factors.
Introduction
The air humidity of Shantou Jinniu converter station reaches as much as 80% on March 12, 2014 due to bad weather. According to the design specification, the devices inside station work very well on the conditions that air humidity inside those stations is between 25% and 60%. If the air humidity exceeds 75%, the station generates the warnings automatically.
Air Conditioning System Design of Converter Station
Air conditioning system is the main influencing factor of indoor humidity. It is not only the indoor air cleaner, but also the indoor humidity controller. So, to ensure the normal operation of air conditioning system is very crucial.
The humidity requirement of Jinniu is 0.65. Moreover, it is understood that the humidity requirement of equipment outage is not exceed 0.70.In addition, the situation of humidity exceeds 0.60 when the flow valve in HVDC converter station is outage and running is also occurred.
Illustration of Various Working Conditions
Normal Operating Condition. The design of air conditioning system was based on the situation of equipment is running and will generate equipment fever, which can make sure the designed temperature of valve is not exceed 45°C and humidity is not exceed 60%.
Outage Condition. During outage condition, the equipment do not generate heat, the requirement of indoor relative humidity is not exceed70%. In summer, based on the parameters of designed temperature and the outdoor wet bulb temperature when air-conditioner is running are 32.8°C and 27.7°C respectively in Shantou, the air-conditioner dehumidify by dropping in temperature, which can control the indoor relative humidity less than 60%. In winter, the relative humidity value can be less than 60% through electrical heating of equipment.
1st Method Based on the converter stations are in a well-closed container, by heating the air of the valve, the relative humidity of the valve can be reduced continuously, which can meet the designed requirement.
2nd Method The second method of dehumidifying is by dropping in temperature continuously.
Additional Background
SCADA. SCADA (supervisory control and data acquisition) is a system that operates with coded signals over communication channels so as to provide control of remote equipment (using typically one communication channel per remote station). The control system may be combined with adata acquisition system by adding the use of coded signals over communication channels to acquire information about the status of the remote equipment for display or for recording functions. It is a type of industrial control system (ICS).
Air Conditioning
System. An air conditioning system, or a standalone air conditioner, provides cooling and humidity control for all or part of a building. Outside, fresh air is generally drawn into the system by a vent into the indoor heat exchanger section, creating positive air pressure. The percentage of return air made up of fresh air can usually be manipulated by adjusting the opening of this vent. Typical fresh air intake is about 10%.
Methodology
From the previous chapter, it is easy to see that the all variables are correlated to time period, so time plays an inevitable role in the result; therefore, Time Series Analysis should be taken into account. However, the Univariate Time Series model contains only one variable which cannot satisfy this multivariate situation, so Multiple Time Series Analysis should be applied in the further study.
Multiple Time Series. Analyze the relationship among multiple independent variables or responses that are time correlated, which is a K dimensional vector stochastic process or multivariate stochastic process. It is widely applied in economy and finance because there are many time trend variables such as investment, income and consumption. In Multiple Time Series Analysis, there are several models, such as Vector Autoregressive Processes (VAR), which are from the general expression ARIMAX. Furthermore, Vector Error Correction Model (VEC) is a special case of VAR, which will be introduced in the coming sections.
Vector Auto Regression Model
The vector auto regression (VAR) is an econometric model used to capture the linear interdependencies among multiple time series.
Definition. A VAR model describes the evolution of a set of k variables (called endogenous variables) over the same sample period (t = 1, ..., T) as a linear function of only their past values. The variables are collected in ak×1 vector y t , which has as the i th element, y i,t , the observation at time "t" of the i th variable.
A p −t order VAR, denoted VAR(p), is:
(1) where the l-periods back observation y t−1 is called the l−th lag of y, c is a k × 1 vector of constants (intercepts), A i is a time-invariant k × k matrix and e t is a k × 1 vector of error terms satisfying 1. E(e t ) = 0, -every error term has mean zero;
E(e t e' t ) = Ω, -the contemporaneous covariance matrix of error terms is Ω(a k × k positive-semi definite matrix); 3. E(e t e' t−k ) = 0, for any non-zero k -there is no correlation across time; in particular, no serial correlation in individual error terms.
A pth-order VAR is also called a VAR with p lags. The process of choosing the maximum lag p in the VAR model requires special attention because inference is dependent on correctness of the selected lag order.
Order of Integration of the Variables Note that all variables have to be of the same order of integration. The following cases are distinct:
1. All the variables are I (0) (stationary): one is in the standard case, i.e. a VAR in level 2. All the variables are I (d) (non-stationary) with d >0: a. The variables are co integrated: the error correction term has to be included in the VAR. The model becomes a Vector error correction model (VECM) which can be seen as a restricted VAR.
b. The variables are not co integrated: the variables have first to be differenced times and one has a VAR in difference.
Basic Assumption of Vector Autoregressive Process

AR Root Test
If all the points are within the unit cycle, which means the absolute value all inverse roots of the VAR model are less than 1, then the VAR model is stationary;
2. Granger Causality Test Granger causality is a statistical concept of causality that is based on prediction. Generally, if the probability of the variable is small enough (usually less 0.05), the factor is significant and can not be removed from the VAR model, which means it is the major granger causes on the response. More complex extensions to nonlinear cases exist, however these extensions are often more difficult to apply in practice.
3. Impulse Response Impulse response analysis provides a chance to know the reaction of one variable to an impulse in another variable so as to understand the actual causal in the actual time period. Mathematically, how the impulse is described depends on whether the system is modeled in discrete or continuous time, which can be thought of as an "influence function:" how a point of input influences output.
Variance Decomposition
In econometrics and other applications of multivariate time series analysis, a variance decomposition or forecast error variance decomposition(FEVD) is used to aid in the interpretation of a vector autoregression(VAR) model once it has been fitted. The variance decomposition indicates the amount of information each variable contributes to the other variables in the autoregression. It determines how much of the forecast error variance of each of the variables can be explained by exogenous shocks to the other variables.
Cointegrated Processes
Cointegration is a statistical property of a collection (X1,X2,…,Xk)of time series variables. Cointegration has become an important property in contemporary time series analysis. Time series often have trends-either deterministic or stochastic.
Test. 1. Mathematical Consideration
Engle-Granger two-step method: If xt and yt are cointegrated, a linear combination of them must be stationary. In other words:
(2) where μtis stationary.
If we knew μt, we could just test it for stationarity with something like a Dickey-Fuller test, Phillips-Perron test and be done. But because we don't know μt, we must estimate this first, generally by using ordinary least squares, and then run our stationarity test on the estimated μt series, often denoted μt.
A second regression is then run on the first differenced variables from the first regression, and the lagged residuals μ t is included as a repressor.
Johansen Test
The Johansen test is a test for cointegration that allows for more than one cointegrating relationship, unlike the Engle-Granger method, but this test is subject to asymptotic properties, i.e. large samples. If the sample size is too small then the results will not be reliable and one should use Auto Regressive Distributed Lags.
3. Phillips-Ouliaris Cointegration Test Peter C. B. Phillips and Sam Ouliaris show that residual based unit root tests applied to the estimated cointegrating residuals do not have the usual Dickey-Fuller distributions under the null hypothesis of no-cointegration. Because of the spurious regression phenomenon under the null hypothesis, the distributions of these tests have asymptotic distributions that depend on (1) the number of deterministic trend terms and (2) the number of variables with which co-integration is being tested. These distributions are known as Phillips-Ouliaris distributions and critical values have been tabulated. In finite samples, a superior alternative to the use of these asymptotic critical values is to generate critical values from simulations.
Multicointegration
In practice, cointegration is often used for two I(1) series, but it is more generally applicable and can be used for variables integrated of higher order (to detect correlated accelerations or other second-difference effects).Multicointegration extends the cointegration technique beyond two variables, and occasionally to variables integrated at different orders.
Variable Shifts in Long Time Series
Tests for cointegration assume that the cointegrating vector is constant during the period of study. In reality, it is possible that the long-run relationship between the underlying variables change (shifts in the cointegrating vector can occur).To take this issue into account, tests have been introduced for cointegration with one unknown structural break, and tests for cointegration with two unknown breaks are also available.
Vector Error Correction Model
Actually, a VEC model can be regarded as a VAR model that contains several cointegrating constraints, and in a vector error correction model, the deviations from some equilibrium relation are the main influence on the changes in a variable.
Definition. Given a VAR(p) of I(1) x.s(ignoring consts and deter trends)
There always exists an error correction representation of the form
Where Π and the Φ♯ are functions of the Φ′. Specifically
The characteristic polynomial is 1 −Φ1z −···−Φpzp = Φ(z) Interpretation of 1. If = 0, then there is no cointegration. Nonstationarity of I(1) type vanishes by taking differences.
2. If has full rank, k, then the x:s cannot be I (1) 
Results and Analysis
In this chapter, based on the previous methodology, it is going to construct the Multivariate Time Series Model. In summary, using VAR and VEC model to analyze what cause the high humidity of converter station.
SCADA
Description of Data
Y-Converter Station Humidity; X1-Outdoor temperature; X2-Indoor temperature; X3-DC Load.
Problem of Data
Because of system upgrade or other reasons, the SCADA data include some invalid data.
In a bid to fill in the blank, Univariate Time Series model and professional knowledge should be used to forecast the independent variables, and use Multiple Time Series Model to forecast the response variable.
3. Time Series Graph After fill in the missing data, the time series graph of Jinniu station is as below (Figure 1 ). It is clear that sometimes the converter station humidity exceed 70%, even reached 80%.
Checking Stationary
According to the group unit root test (Figure 2) , the probability of Levin, Lin and Chu Test is less than 0.05, which means that the group series is stable.
So, it can only use VAR Model to analyze it. 
Vector Autoregressive Model (1) Model construction
The VAR model is given by eviews, Since the formula is useless, we will not make any deep analysis.
Y=1.33935474795*Y(−1)−0.346051979655*Y(−2)−0.000821645820119*X1(-1)+0.0017481541 5781*X1(−2)+0.361798103079*X2(−1)−0.372143013*X2(−2)−0.00521426380601*X3(−1)+0.004 46645427898*X3(−2) +0.564939715764
(2) AR root test According to Figure 3 , since all the points are within the unit circle, which means the absolute value of all inverse roots of the VAR model are less than 1, this VAR model is stationary. (3) Granger Causality Test According to Figure 4 , it is clear that the indoor temperature and DC Load are the Granger causalities of indoor humidity.
Moreover, DC Load and indoor temperature exist two-way Granger causalities with indoor humidity, which means these independent variables and response variable will influence both each other. (4) Impulse response Analysis The impulse response graphs ( Figure 5) shows the standard deviation response of outdoor temperature, indoor temperature and DC Load to indoor humidity.
 From the first graph, the standard deviation response of outdoor temperature to indoor humidity is positive, which has a trend to be stable and tend to 0.4. This phenomenon means the change of outdoor temperature will cause the indoor humidity increase. This result may imply that the closed condition is not good, and the indoor humidity may be influenced by the outdoor humidity.
 From the second graph, the standard deviation response of indoor temperature to indoor humidity is positive, which with a trend to be stable and tend to 0. It reaches the highest point at the fourth period. This phenomenon means the change of indoor temperature will cause the indoor humidity increase; however, it will be stable and tend to 0 after a long time.
 From the third graph, the standard deviation response of DC Load to indoor humidity is positive, and tends to −0:8. This phenomenon means the change of DC Load will have cause the indoor humidity decrease.
(5) Variance Decomposition Analysis From Figure 5 , it is clear that three independent variables are almost have no contributed rate. Figure 5 . Impulse response.
Conclusion of SCADA
(1) Indoor temperature and DC Load are the main influencing factors to the indoor humidity.
(2) The change of outdoor temperature and indoor temperature will promote the increasing of humidity, while the changes of DC Load have negative impact to indoor humidity.
(3) Because the fluctuant variance contributed rate of three independent variables are too small, so the explanatory power is not enough.
Hand Copy Data
The hand copy data is the data of the air-conditioning system and the Fresh Air system. 2. Checking Stationary According to the group unit root test (Figure 6 ), the probability of Levin, Lin and Chu Test is less than 0.05, which means that the group series is stable.
Vector Autoregressive Model (1) Model Construction
The VAR model is given by reviews, and here we ignore this useless detail.
(2) AR Root Test According to Figure 7 , since all the points are within the unit circle, which means the absolute value of all inverse roots of the VAR model are less than 1, this VAR model is stationary. (3) Granger Causality Test According to Figure 8 , it is clear that the supplied air humidity and air-conditioner running condition are the Granger causalities of indoor humidity. Moreover, supplied air humidity and air-conditioner running condition exist two-way Granger causalities with indoor humidity, and supplied air humidity exist two-way Granger causality with supplied air temperature.
The impulse response graphs (Figure 9 ) shows the standard deviation response of supplied air temperature, supplied air humidity and air-conditioner running condition to indoor humidity.
 From the first graph, we can conclude that means the change of supplied air humidity will cause the indoor humidity increasing.
 From the second graph, we can conclude that the change of supplied air temperature do not have any significant influence to indoor humidity.
 From the third graph, we can conclude that the change of air-conditioner running condition will have cause the indoor humidity decrease. (5) Variance Decomposition Analysis From Figure 10 , it is clear that the contributed rates of independent variables to the response variable are small.
Conclusion of Hand Copy Data
(1) Supplied air humidity and air-conditioner running condition are the main influencing factors to the indoor humidity.
(2) The change of supplied air humidity will promote the increasing of indoor humidity, while the change of air-conditioner running condition have negative impact to indoor humidity and supplied air temperature do not have any impact to indoor humidity.
(3) Because the fluctuate variance contributed rate of three independent variables are too small, so the explanatory power is not enough. 
